. Dipolar recoupling and 15 N relaxation measurement pulse sequences used in this study. Hollow and filled bars represent 90° and 180° pulses, respectively. (A1) 15 N detected and (A2) 13 Cα detected TMREV recoupling 1 was used to probe 15 N-1 H dipolar couplings. TMREV pulse train was applied for increasing duration during a constant-time interval of length 12t r (m=6). Four MREV 2,3 blocks were applied per rotor period t r (n=4), with the overall phase of each block incremented by 90° (TMREV-4). TPPM decoupling 4 was used for the remainder of the 12t r period. Phase tables were as follows: f 1 =y -y, f 2 =x, f 3 =x, f 4 =x, f 5 =x x y y -x -x -y -y, f 7 =x x y y -x -x -y -y, f rec =x -x y -y -x x -y y. (B) For 15 N R 1 measurements 2D NCA and afterglow NCO spectra 5 were acquired as a function of recovery time τ of 1s, 5s, 10s, 20s and 30s. The following phases were used: f 1 =x x -x -x, f 2 =y, f 3 =y, f 4 =x x x x -x -x -x -x, f 5 =x -x x -x x -x x -x, f 6 =y, f 7 =8(x) 8(-x), f 8 =8(x) 8(-x), f 9 =x, f 10 =-x, f rec =x -x -x xx x x -x -x x x -x x -x -x x. (C) For R 1ρ measurements 2D NCACB correlation spectra were recorded as a function of a spinlock time τ. The phases were as follows : f 1 =y -y, f 2 =x, f 3 =x, f 4 =x, f 5 =x x y y -x -x -y -y, f rec =x -x y -y -x x -y y. The phase of all other pulses including the spinlock pulse was x. 15 N spectra of ASR collected on a 600 MHz spectrometer at a spinning rate of 8 kHz, and at 7 °C and 30 °C. Spinning sideband intensities remain unchanged and match the theoretical simulation of a typical 15 N chemical shift anisotropy (CSA) tensor, overall indicating that the protein does not undergo rotational diffusion. Simulation was performed using the program SIMPSON 6 with the CSA parameters of !"# = -109 ppm, η=0.2. Figure S5 . Bulk R 1ρ measurements at a spinning frequency of 14.3 kHz, at 7 °C and 30 °C for (A) 1 H, (B) 13 C and (C) 15 N. 15 Figure S6 ) for valine and leucine, respectively, with both values being less than the lowest R 1ρ rate of 0.60 s -1 measured in ASR for protonated amide nitrogen atoms.
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Estimation of the residual coherent contributions to the
Bulk order parameter measurements at 30 °C.
As explained in the main text, ASR samples were found to be unstable at 30 °C on the time scale of a full 3D DIPSHIFT experiment. To probe the amplitudes of motions, we performed the bulk order parameter measurements using 15 N-and 13 C-detected DIPSHIFT experiments with TMREV-4 recoupling (Figures S1A1, A2) . 15 N and 1D NCA spectra are shown in Figure S7A , C, and representative dipolar dephasing curves are in Figure S7B , D. The observed small changes in the extracted dipolar order parameters are comparable to the small change in the order parameter of 15 N-labeled crystalline sample of N-Ac-Valine (Table S1) .
Thus, small differences in the dipolar coupling at 7 °C and 30 °C are representative of the systematic effects from the equipment rather than from changes in the amplitudes of motions in ASR. 
Simple Model Free Fit
For residues with at least 5 out of 6 experimentally measured 15 at 800 MHz and 30°C the best fit single motional order parameter !"" ! , timescale τ c,eff and activation energy E a were determined by minimizing the following χ 2 equation.
Where σ denotes the experimental uncertainty in the measured values and the subscripts exp and bc denote the experimentally measured and back calculated values, respectively. Back calculated relaxation rates were determined using Eqs. 1-7 from the main text. The reduced χ 
(S2)
.
We also calculate the Akaike's Information Criterion (AIC), 14 Bayesian Information Criterion (BIC) 15 and corrected Akaike's Information Criterion (AICc) 16 which are defined with respect to the number of fit parameters k and the number of experimental data points included in the fit n.
These values are calculated for each residue (see Table S5 ) and to allow comparison to EMF they are calculated for each molecular fragment (see Table S7 ).
Uncertainties in the best fit parameters !"" ! , τ c,eff and E a were determined by a Monte Carlo procedure. First, the best fit parameters were used to back calculate all experimental data.
S15
Gaussian distributed noise was then added to each of the back-calculated values for 5000 times, and the χ 2 minimization was done for each iteration to determine the distribution of the fit parameters. were defined globally for all residues within the given molecular fragment (7 helices, BC and FG loops). The modified EMF approach was used for residues with all six experimental measurements available ( each of the nine fragments by using a grid search followed by steepest decent procedure:
where relaxation rates are defined by Eqs 1-6 and 9 from the main text. The summation extends over all residues with all 6 experimentally measured values available within a molecular fragment (N 1 ). The reduced χ 2 and the degrees of freedom (d.f.) are defined as
Uncertainties in the best fit parameters !,!"# ! , !,!"# ! , !,!"# , !,!"# , !,!"# and !,!"# were determined by the Monte Carlo procedure. First, the best fit parameters were used to back calculate experimental data. Gaussian distributed noise was then added to each of the backcalculated values for 1000 iterations, and the χ 2 minimization was done for each iteration to determine the distribution of the fit parameters. Helix E (D125-N148) 0 n/a n/a n/a n/a Helix F (S159-I184) 8 Helix G (Q195-L221) 0 n/a n/a n/a n/a Residue Number Residue Number Helix E (D125-N148) n/a n/a n/a n/a n/a n/a Helix G (Q195-L221) n/a n/a n/a n/a n/a n/a S25 *NCO dipolar order parameters were used, where available 17 as additional experimental restraints in the fit compared to EMF results in Table S6 . Figure S15 . Movie of a mode 7 from Normal Mode Analysis of ASR trimer performed using Nomad-Ref webserver 18 .
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